1.2 OMIM# of the disease 105650, 610629, 612527, 612528, 612561, 612562, 612563, 613308, 613309, 300835.
1.3 Name of the analyzed genes or DNA/chromosome segments RPS19, RPS24, RPS17, RPL35A, RPL5, RPL11, RPS7, RPS10, RPS26, RPL26, GATA1.
OMIM# of the gene(s)
603474, 602412, 180472, 180468, 603634, 604175, 603658, 603632, 603701, 603704, 305371.
Mutational spectrum
In patients for whom there is a known mutation or deletion (B70%), Diamond-Blackfan anemia results, in the vast majority of cases, from a ribosomal protein haploinsufficiency. 2, 3 No racial or ethnic predilection has been identified. The relative frequency of affected ribosomal genes identified is approximately 25% RPS19; 2% RPS24; 1% RPS17; 2-4% RPL35A; 7% RPL5; 5-10% RPL11; 1% RPS7; 2-6% RPS10; and 2-6% RPS26. [4] [5] [6] [7] [8] [9] A frameshift mutation in RPL26 was identified in one patient. 10 Mutations resulting in haploinsufficiency or loss-of-function in all 10 genes thus far described include missense mutations, nonsense mutations, splice mutations, insertions, deletions and rearrangements. 11, 12 Recently mutations in the erythroid transcription regulator GATA1, apparently not involving any disruption in ribosome biogenesis/function, have been discovered as causative in rare cases of X-linked clinical DBA. 13 
Analytical methods
Depending upon the nature and magnitude of the sequence change, a variety of techniques are available; for example, cytogenetics for large deletions and rearrangements, multiple ligation-dependent probe amplification for detection of large deletions and rearrangements, array comparative genomic hybridization for detection of deletions, quantitative PCR, whole-exome sequencing and wholegenome sequencing. It is estimated that approximately 10-19% of ribosomal protein-haploinsufficient DBA cases are caused by large deletions that are missed by exon sequencing. 2,14,15
Analytical validation
The analysis from genetic tests should be performed by experienced, knowledgeable personnel, in certified diagnostic labs. Technical errors, sample mix-up and natural genetic variations may in rare cases create misinterpretations. To avoid this, analysis and validation should be performed by professionals in environments with established routines.
1.8 Estimated frequency of the disease (Incidence at birth ('birth prevalence') or population prevalence. If known to be variable between ethnic groups, please report): The incidence is from 5-10 per one million live births. 16 There is no known ethnic predilection or exclusion.
Diagnostic setting
Yes No
In addition, genetic testing has been used in the following diagnostic settings. E. Related stem cell transplant donor screening to be certain that the donor is not affected. 
TEST CHARACTERISTICS
Negative predictive value:
2.1 Analytical sensitivity (proportion of positive tests if the genotype is present) Nearly 100%, within the margin of lab error (this applies to genetic testing only).
Analytical specificity (proportion of negative tests if the genotype is not present)
Nearly 100%, within the margin of lab error (this applies to genetic testing only).
Clinical sensitivity (proportion of positive tests if the disease is present)
The clinical sensitivity can be dependent on variable factors such as age or family history. In such cases, a general statement should be given, even if a quantification can only be made case by case. Currently, B70% of clinically diagnosed cases can be identified by mutation analysis, multiple ligation-dependent probe amplification, 15, 17 or array based screening for copy number variations (eg, comparative genomic hybridization).
Clinical specificity (proportion of negative tests if the disease is not present)
The clinical specificity can be dependent on variable factors such as age or family history. In such cases, a general statement should be given, even if quantification can only be made case by case.
Nearly 100%. False positives due to technical or clerical errors are possible. If the disease, in the broadest sense, is not present, the test will generally be negative. The penetrance and expressivity of DBA is quite variable; thus, there are instances, even in multiplex families, where a genetically affected individual has subtle or no evidence of clinical disease. Therefore, the definition of what is disease is critical. 18 In this instance, a clinically unaffected individual could have a positive test. Clinicians, patients/families and geneticists may define 'presence of disease' quite differently. There are not enough data to fully predict the 'natural history' in non-expressing (clinically unaffected) individuals with known DBAcausing mutations or deletions that result in ribosomal protein haploinsufficiency. The majority of such individuals do have some evidence of disease although these manifestations can be subtle. A minority of patients with known genotypes have no discernible clinical or hematological evidence of DBA. X-linked DBA, as a consequence of a mutation in GATA1, is too rare to allow for the prediction of probable phenotypes although the presence of significant congenital anomalies seems unlikely.
Negative clinical predictive value (probability not to develop the disease if the test is negative)
Assume an increased risk based on family history for a nonaffected person. Allelic and locus heterogeneity may need to be considered.
Index case in that family had been tested: If the proband is positive for a mutation, virtually 100%. Index case in that family had not been tested: A non-affected first-degree relative to an index case (non-tested) has an indeterminate risk, as only 70% of the patients have a known DBA-associated ribosomal gene mutation or deletion.
CLINICAL UTILITY
Elevated fetal hemoglobin and/or erythrocyte adenosine deaminase, when not diagnostic for DBA, can be supportive of the diagnosis in the appropriate clinical setting. 18 A number of research methods, most importantly the northern blot analysis to determine the presence of characteristic ribosomal RNA processing defects, may ultimately be available as a diagnostic screening tool.
However, these tests are currently not available for clinical use.
Describe the burden of alternative diagnostic methods to the patient
A clinical diagnosis is based on a history, physical examination, laboratory tests that require venipuncture and a bone marrow aspirate that may be performed under local or general (deep conscious sedation) anesthesia or deep conscious sedation. There is a minimal but incremental risk for anesthesia and the aspirate, which include pain, bleeding and rarely (B1:50 000) death. Occasionally, ultrasound or radiological imaging is required to determine the presence of certain congenital anomalies supportive of the diagnosis of DBA.
How is the cost effectiveness of alternative diagnostic methods to be judged?
There are no studies available to determine the cost effectiveness of any diagnostic approach to DBA. Costs will differ depending upon the laboratory fees and imaging required. The consequence of missing the diagnosis or failing to determine the presence or absence of particular hematological or non-hematological manifestations of DBA may be significant.
Will disease management be influenced by the result of a genetic test?
No & Yes 2
Therapy (please describe)
Stem cell transplantation requires a non-DBA-affected donor. 19, 20 3.2 Predictive Setting: The tested person is clinically unaffected but carries an increased risk based on family history (To be answered if in 1.9 'B' was marked)
Will the result of a genetic test influence lifestyle and prevention?
Yes.
If the test result is positive (please describe): In a family, either multiplex or identified through an affected proband, a positive test in a family member will impart the burden of the disease. In the case of X-linked inheritance, the burden of the carrier state falls to the female carriers. This individual with an autosomal dominant mutation may be variably affected, and in whom a clinical diagnosis is obvious, a positive test will just confirm the diagnosis. When there is no, or only minimal, evidence of the disease, a positive genetic test will confirm that the individual may transmit the mutation to the offspring. Reproductive options can be pursued that may decrease the likelihood of having an affected child. 22, 23 The positive individual would also be disqualified as a stem cell transplant donor, regardless of histocompatibility, even if the individual was clinically unaffected. 19 Mildly affected or unaffected carriers of a DBA-associated ribosomopathy should be informed about subclinical and clinical expression of the disease (eg, subnormal hemoglobin levels), recurrence risks in next generation and complications associated with pregnancies. A regular check of the hemoglobin levels may be recommended.
If the test result is negative (please describe):
In a family, either multiplex or identified through an affected proband, a negative test will relieve the burden of the disease from the negative individual, remove the necessity for any reproductive options related to the transmission of the autosomal dominant or X-linked disorder and allow the individual to be a stem cell transplant donor based on histocompatibility. If a DBA-associated ribosomal protein gene mutation or deletion has been found in the family (a mutation or deletion has only been identified in B70% of families).
Can a genetic test in the index patient save genetic or other tests in family members?
Yes, if it is positive for a known DBA-associated ribosomal protein gene or GATA1 mutation or deletion, only that gene needs to be tested.
3.3.3 Does a positive genetic test result in the index patient enable a predictive test in a family member? Yes.
Prenatal diagnosis
(To be answered if in 1.9 'D' was marked) 3.4.1 Does a positive genetic test result in the index patient enable a prenatal diagnosis? Yes, in almost all instances. There is a small possibility of gonadal mosaicism in which a child with a positive test is born to parents with a negative test. 24 
IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical consequences. Is there any evidence that a genetic test is nevertheless useful for the patient or his/her relatives? (Please describe)
Yes, prenatal testing may be offered if a genetic marker is identified in an affected family member. Genetic testing of the parents or other relatives of an affected child will allow reproductive choices that may reduce or eliminate the possibility of vertical transmission of DBA. As well, positive genetic testing helps remove any doubt about the diagnosis. Genetic testing may in some cases also be combined with human leukocyte antigen typing to have a matched sibling for stem cell transplantation.
